SEP Key Technology Elements
Several key elements of a SEP Mars transfer system serve to distinguish it from its high thrust rivals for interplanetary transfer. These elements or capabilities would include its megawatt power system, its large array size, and its requirement for long life operation.
Technology issues for SEP Mars Vehicles would include the following:
1.
High Escape. Runs were also made at 40% and 0% degradation to determine sensitivities to vehicle mass.
As a means of eliminating the array radiation degradation penalty, as well as to shorten the spiral out time, an alternative staging altitude was evaluated in which the SEP vehicle departs out of a 15,000 km circular orbit, above the radiation belt (Fig. 12) 
Resupply Requirements
With reuse, the production (over the course of a multiyear Mars program) of the number of large arrays, thrust modules and transfer habitats would be reduced.
There would also be a saving in the launch of hardware. Additionally, it is necessary that the Thrust-to-weight at Earth departure be at or above 0.00001. Given these two general limitations, a minimum required thrust level can be determined. The largest thrust level prescribed by these two requirements is the level needed. A given thrust level implies a thruster jet power, and given a thruster efficiency, the electrical power required into the thrusters can be determined.
The power system weight and array size is determined from this factor and several others, including the Alpha of the power system, as well as the efficiency of the arrays. The expected power loss due to array degradation over the duration of the mission is also a consideration. Fig. 24 and 25) . However, at an Isp of expendable mission (right most bar in Fig. 25 ) and significantly better (less IMLEO) for the reusable mission ( Fig. 24 right bar) . In all eases the SEP requires more inert mass. The benefits of SEP systems seem to be more favorable, in comparison to the high thrust alternatives, in a reuse mode, because of its higher proportion by weight of inert mass. This factor leads to consideration of the cumulative effects of multiple pass array degradation, and means of mitigating such in order to extend the useable life of the power system. Enabling a single SEP vehicle multiple mission capability would allow it to overcome its IMLEO disadvantage to NTP technology (as it has been configured in this analysis). It has already been shown that at 4000 sec Isp, the SEP is comparable to NTP. A 2018 piloted NTP vehicle sketch and mass statement is given in Fig. 27 .
Power Beaming to the Mars Surface
Other Factors Considered in Assessment Factors other than IMLEO must be considered, however; the NTP has one distinct advantage in that it requires no spiral-out time and can fly fast trip time missions. The SEP advantage involves its power system technology, which has a broader applicability to other programs and missions. Because the NTP technology has a narrower field of applicability, it seems unlikely that NTP would be developed solely for Mars transfer propulsion if commercially derived space solar power systems were available. A synergistic approach to generating a solar power system technology program path that considers concurrently the needs for both interplanetary transfers and space based power systems seems advisable. Determining an overall architecture preference for human Mars missions is a complex endeavor, with many more issues to be considered than have been covered in this assessment. See Refs. 1 and 2 for more in-depth Mars architecture studies. 
